INTRODUCTION
Bacterioplankton plays an important role in the marine microbial food web, consuming up to 50% of primary production (Fuhrman & Azam 1980 , 1982 , Azam et al. 1983 , Fuhrman 1992 , Azam 1998 , comprising up to 70% of biogenic C in oligotrophic marine surface waters (Fuhrman et al. 1989 ) and mediating ber et al. 2001 , Palenik et al. 2003 , Kuypers et al. 2005 , necessitating opening of the 'black box' of bacteria in biogeochemical models of nutrient cycling. There have been few studies examining ecological factors shaping whole bacterioplankton communities in the marine environment (Crump et al. 1999 , Hollibaugh et al. 2000 , Moeseneder et al. 2001 , Troussellier et al. 2002 , Stepanauskas et al. 2003 , Hewson & Fuhrman 2004 , with most studies examining diversity on small spatial scales to determine total genetic richness (Giovannoni et al. 1990 , Acinas et al. 1997 , Acinas et al. 2004 , Venter et al. 2004 .
Bacterioplankton assemblage composition is believed to be influenced by combinations of bottom-up controlling factors, such as resource availability and quality (and consequently productivity) (Torsvik et al. 2002 , Hewson et al. 2003 , Horner-Devine et al. 2003 , antagonistic interactions between component taxa (Long & Azam 2001) , and top-down controlling factors, such as bacterivory (2imek et al. 2001 ) and viral lysis (Fuhrman & Suttle 1993 , Thingstad & Lignell 1997 ; however, the magnitude, strength and interplay of these factors are not, as yet, fully understood.
River flow along most continental margins is localized to continental shelves, where rapid phytoplankton assimilation and denitrification prevent penetration of nutrients into oligotrophic currents or gyres (Nittrouer & DeMaster 1996) . However, several rivers with extremely large freshwater discharge penetrate neritic waters into central gyres and basins. Neritic phytoplankton take up some dissolved nutrients from input waters and subsequently settle out ; however, dissolved organic matter persists within low-salinity offshore plumes. Because river plumes have low salinity, they are resistant to mixing and diffusion and thus diffuse slowly over 100s to 1000s of km (Ryther et al. 1967 , Nittrouer & DeMaster 1996 .
The Amazon River has the highest freshwater discharge on earth, discharging 175 000 m 3 s -1 into the North Atlantic Ocean (Lerman 1980) , approximately 5 times more freshwater than the next largest river system (Congo River). Like all rivers worldwide, the concentration of dissolved organic carbon (DOC) and trace elements (e.g. Fe) in the Amazon River is higher than in surface oceanic waters (Aucour et al. 2003) . While bacterioplankton in the tributaries of the Amazon River have been demonstrated to be P-limited (Farjalla et al. 2002) , phytoplankton in the coastal receiving waters are strongly N-limited (Ryther et al. 1967 . Additionally, particle concentrations within the plume discharge into coastal waters at > 250 × 10 2 t s -1
, (Nittrouer & DeMaster 1996) settle out within ca. 100 km of the river mouth . Light limitation induced by suspended particles is alleviated offshore, and as a consequence, dense phytoplankton blooms form in pelagic waters . These blooms are then advected laterally by the North Brazil current. This feature is a northwards, fast (> 75 cm s -1 ) moving, 100 to 200 km wide current (Flagg et al. 1986 ), which causes the Amazon River plume to extend offshore > 200 km into the North Atlantic Ocean and Caribbean Sea (Hellweger & Gordon 2002) . Thus, the organic matter rich Amazon River and nearby Orinoco River may have significant impacts upon the ecology of the western tropical Atlantic, since receiving waters are typically oligotrophic and strongly nutrient limited.
Several studies have examined the impact of lowsalinity offshore plumes upon the ecology of microorganisms in surrounding waters. A study of eukaryotic and prokaryotic phytoplankton diversity by rbcL gene expression in the Mississippi River plume (Gulf of Mexico) indicated substantial impact of low-salinity waters upon community composition (Wawrik et al. 2003) . Another study found significant negative impacts of increasing salinity on microzooplankton grazing in the Mississippi River plume, yet net positive impacts upon rates of bacterivory (Jochem 2003) . Conversely, the Amazon River plume water had no significant impact upon bacterial abundance, production or phytoplankton biomass when advected into oligotrophic waters near Barbados (Choi et al. 2001) . A. Subramaniam et al. (unpubl.) have found that the Amazon River can have a strong influence on the composition of offshore N 2 fixing populations. To the best of our knowledge, there have been no previous studies examining bacterioplankton assemblage composition in offshore river plumes.
The aim of this study was to examine whether the Amazon and Orinoco River plumes influence bacterioplankton assemblage composition and production, and whether differences were related to specific environmental parameters controlling overall productivity. We hypothesized that bacterioplankton assemblage diversity may be coupled to production, since previous studies have indicated inverted U-shaped distributions between these parameters over productivity gradients (Horner-Devine et al. 2003 , Hewson & Fuhrman 2004 . Vertical profiles of bacterioplankton assemblage composition were obtained using a highthroughput molecular fingerprinting method (automated rRNA intergenic spacer analysis, ARISA) (Fisher & Triplett 1999) , and compared to physical and chemical parameters. Moreover, this study aimed to determine possible factors controlling bacterioplankton assemblage composition in the presence of strong vertical and lateral spatial gradients in the oligotrophic ocean.
MATERIALS AND METHODS
Sampling locations. Bacterioplankton assemblage DNA was collected aboard the RV 'Seward Johnson' in April/May 2003 at a total of 26 stations in the tropical western Atlantic (Fig. 1) . Seawater was collected using Niskin bottles mounted on a CTD array at the surface (n = 26 casts), 40 (n = 10), 100 (n = 4), 150 (n = 12), 500 (n = 4), 800 (n = 1), 1000 (n = 5) and 1200 m (n = 1); however, not every depth was sampled on every cast due to time and equipment limitations. Parameters determined using the CTD array included temperature, salinity, beam attenuation, and dissolved O 2 concentration. Additionally, bacterioplankton production and abundance were determined in the same samples (see method below).
Collection of bacterioplankton DNA. Seawater samples were drained immediately after collection into acidwashed and seawater-rinsed 4.5 l polycarbonate bottles or 20 l low-density polyethylene cubitainers, which were capped and maintained at ambient surface seawater temperature and 25% attenuated irradiance in a flowthrough on deck incubator until processing (within 2 h of collection). Surface seawater samples were filtered serially through 47 mm A/E Glass Fiber (Pall Gelman, 1.2 µm nominal pore size) filters then through 0.22 µm Sterivex-GV (Millipore) capsule filters using a peristaltic pump. Deep samples which required a greater volume (20 l) to obtain sufficient DNA for analysis were filtered serially through 142 mm diameter A/E filters onto 142 mm diameter 0.2 µm Durapore filters using a polycarbonate positive pressure filter holder. Between samples, the manifolds were rinsed with 10% HCl and de-ionised H 2 O. After filtration, A/E filters and Durapore filters/Sterivex capsule filters were placed into sterile Whirl-pak bags and frozen at -80°C prior to analysis at the University of Southern California, Los Angeles, USA.
Bacterioplankton production measurement. Bacterioplankton production was estimated by tion in a flow-through outdoor incubator at 25% attenuated surface irradiance, samples were filtered through 25 mm Millipore Type HA 0.45 µm filters, and proteins extracted by addition of ice-cold 5% trichloroacetic acid (TCA) and incubation for 2 min on the filtration manifold. After extraction, TCA was filtered through membranes, the filter washed repeatedly with TCA, then placed into 6 ml scintillation vials containing 5 ml Ultima Gold scintillation fluid. After incubating vials for 2 h at room temperature to allow clearing of filter membranes in scintillation fluid, radiolabel incorporation was measured in a BeckmanCoulter LS6500 scintillation counter. We used a conversion factor of 2 × 10 15 cells mmol -1 leu incorporated (Simon & Azam 1989 ) to estimate bacterial production.
Bacterioplankton abundance measurement. Bacterial abundance was determined using SYBR Green I epifluorescence microscopy (Noble & Fuhrman 1998) . Seawater (50 ml) was preserved from each depth with 2% 0.02 µm-filtered formaldehyde, and kept cold and in the dark until processing, which occurred within 12 h of collection. Sample volumes of 1 to 20 ml (depending on depth) were filtered through 0.02 µm Al 2 O 3 Anodisc filters (Whatman) then dried on tissue paper, and stained on a 100 µl drop of 1:2500-diluted SYBR Green I for 15 min in darkness. After staining, filters were re-dried and placed on a glass microscope Assemblage DNA extraction and fingerprinting. Microbial DNA was extracted by heat/detergent lysis, phenol/chloroform purification and ethanol precipitation (Fuhrman et al. 1988) . Sterivex capsule filters were capped with sterile leur-lock and syringe fittings and heat/detergent lysis occurred entirely within the capsule. After final ethanol precipitation, DNA extracts were quantified using the Pico Green dsDNA assay (Molecular Probes) in a Stratagene MX-3000 quantitative PCR thermocycler/fluorometer, then diluted to 2.5 ng µl -1 . ARISA was conducted on 10 ng extracted DNA. PCR was carried out in 50 µl reactions containing 1 X PCR buffer, 2.5 mM MgCl 2 , 1.25 mM dNTPs (Promega PCR Nucleotide Mix), 0.8 µM each of universal primer 1392 F (5'-G(C/T)ACACACCGCCCGT-3') and bacterialspecific 23S-115R (5'-GGGTT (C/G/T)CCCCATTC (A/G)G-3'), labeled with a 5'-TET phosphoramidite (Fisher & Triplett 1999) , BSA (40 ng µl -1 final concentration; Sigma # 8350) and 2.5 U Taq DNA polymerase (Promega) (Hewson & Fuhrman 2004 ). Thermocycling in a Perkin Elmer 9600 comprised an initial 'hot start' at 95°C for 3 min, followed by 30 cycles of denature at 95°C for 30 s, anneal at 55°C for 30 s and extend at 72°C for 45 s, and a final extension step of 7 min at 72°C. PCR products were purified using Clean & Concentrator-5 Kits (Zymo Research) to remove primers and salts. Amplicons were then quantified again using the Pico Green dsDNA assay and diluted to 5 ng µl -1 . Purified products were electrophoresed on an ABI 377XL automated sequencer with custom-made FAMlabeled 1500 bp standards (Bioventures) (AvanissAghajani et al. 1994) . Sequencer gels were analysed using ABI Genescan software, and analysis outputs transferred to Microsoft Excel for subsequent processing.
Statistical analysis of assemblage DNA fingerprints. Fragments less than 5 times baseline fluorescence in height were eliminated since they could not be distinguished from instrument 'noise'. With these criteria, an operational taxonomic unit (OTU) exceeded the baseline when it contributed > 0.09% of total amplified DNA fluorescence (Hewson & Fuhrman 2004 ). The area under each peak was then expressed as a percentage of the total integrated area under the electropherogram. Simpson's reciprocal index (D) was calculated manually (Legendre & Legendre 1998) according to:
where P i is the fraction of each peak of total integrated area. Whole assemblages (i.e. all OTU each comprising > 0.09% of total amplified DNA) were compared by calculating Whittaker's (1952) index of association (S w ) using:
where b i1 and b i2 are the percentage of total amplified DNA fluorescence of the ith OTU in samples 1 and 2, respectively. S w scales from 0 (completely dissimilar fingerprints) to 1 (identical fingerprints).
To account for variability in size associated with standards, ARISA fingerprints were binned using windows of ±1 bp from 400 to 700 bp, ± 2 bp from 700 to 1000 bp and ± 5 bp > 1000 bp. Since binning starting at a single window frame may cause OTU separated by 1 bp to fall into different windows, we binned 10 times, each time beginning the bin window frame at +1 bp. The Whittaker and Sorenson's index were calculated for all pairwise comparisons in all 10 window frames. Since binning implies homogeneous variance in similarity between 2 random assemblages, we used the maximum similarity in all pairwise samples, which is analagous to statistical treatment of data examining variance in 2 samples . Cluster analysis was conducted with the XLStat (AddinSoft SARL) program using the Whittaker Index and clustering via unweighted pair-group-mean average method (UPGMA) (Sokal & Rohlf 1995) .
RESULTS

Characteristics of sampling location
The Amazon and Orinoco River plumes were detectable by salinity < 35 at a total of 18 stations, while the remaining 6 stations were at ≥35 and therefore presumably not within plume waters. The plume extended vertically only ca. 10 m, with waters below having typical surface mid-gyre seawater physicochemical characteristics (Del Vecchio & Subramaniam 2004) . In contrast to surface waters, below 40 m there was little difference in physical parameters between sites at the same depths. Bacterial production was highest at the surface (0.17 to 14.10 × 10 5 cells ml -1 d -1 ), representing an approximate growth rate of 0.43 d -1 in the least saline plume waters and 0.04 d -1 at oceanic salinity ( Fig. 2A) . Beam attenuation, which measures coloured dissolved organic materials in surface waters and suspended solid concentrations in deeper waters, was
highest in the plume waters (67%) and lowest in oceanic waters (5%). Furthermore, surface waters within the plume had low salinity (< 35) and were distinguished from oceanic waters because they had beam attenuations of >10%. At 40 m, bacteria had slower growth rates than at the surface (0.01 to 0.07 d -1
). In contrast to surface samples, those in deeper waters (>150 m) had growth rates of 0.002 to 0.07 d -1 and had similar temperature and salinity values at all locations.
Bacterioplankton assemblage characteristics
Assemblage fingerprints contained 69 ± 4 (mean ± SE) OTUs and Simpson's Reciprocal Indices of 15.4 ± 1.2, but were variable with depth (Fig. 2B) . Fingerprint richness and diversity were highest at the surface and from 100 to 500 m, and were lower at 40 and 1000 m. There was no significant difference between surface assemblage fingerprint richness and diversity in plume (salinity = 26 to 32), intermediate plume (salinity 32 to 35) and oceanic (salinity ≥35) conditions. Fingerprint diversity was significantly correlated in surface waters (0 to 40 m) to bacterioplankton production (Table 1) , which in turn was significantly correlated to salinity. Within surface waters only (not 40 m), the regression between salinity and fingerprint diversity was also significant (p < 0.05) (Fig. 3) . In surface waters there was no consistent pattern between assemblage similarity and increasing salinity (Fig. 4) . Fingerprints generated from DNA collected from surface water shared Whittaker Indices of 0.22 to 0.79, while those from 100 to 150 m shared Whittaker Indices of 0.32 to 0.81 (Fig. 4) .
Relationship of assemblages to environmental variables
Fingerprint richness significantly correlated with bacterial production and diversity with both bacterial production and salinity (Table 1) . The relative DNA fluorescence of 4 OTUs was significantly (p < 0.0004, df = 23; p value = 0.05/# correlates = 0.5/113; used to correct for possible Type II errors in correlation analysis) and positively correlated with beam attenuation, while 4 OTUs were significantly (p < 0.0004, df = 22) and positively correlated to bacterioplankton production ( Hleucine incorporation (Simon & Azam 1989) . Fingerprint richness was the total number of ARISA fragments, while fingerprint diversity (D = Simpson's Reciprocal Index) was calculated using descriptions in Legendre & Legendre (1998) . **p < 0.01, ***p < 0.001 H-leucine uptake (Kirchman et al. 1985 , Simon & Azam 1989 , and the richness (No. OTU, operational taxonomic units) and diversity (Simpson's Reciprocal Index) of surface water (0 m) assemblage ARISA fingerprints. Note that when bacterial production data are log transformed, only the regression to diversity remains significant (r = 0.30, p > 0.05 and r = 0.51, p < 0.01 for richness and diversity, respectively) df = 22) correlated with the Simpson's Reciprocal Index of fingerprints, and 3 OTUs to fingerprint richness.
A number of common OTUs (i.e. those comprising >1% of total amplified DNA fluorescence) demonstrated heterogeneity between plume (< 32), intermediate plume (32 to 35) and oceanic (> 35) waters (Fig. 5) (Whittaker 1952 ) was performed by Unweighted Pair-Group-Mean Average (Sokal & Rohlf 1995) .
: surface waters which were at salinities < 32; +: intermediate salinity (32 to 35); : oceanic salinity samples (≥35). Station number is given on the left-hand side, while depth is indicated by the grey shading ¤ * while 13 OTUs comprised a greater proportion of fingerprint DNA fluorescence in oceanic fingerprints than in plume fingerprints.
DISCUSSION
Our results indicate that bacterioplankton may be strongly influenced by inputs from the Amazon and Orinoco offshore river plume. Bacterioplankton assemblage composition in plume and adjacent waters does not correspond consistently to gradients in assemblage productivity, nor to physicochemical conditions, yet measures of their diversity correlate with both. These results therefore suggest that other factors (e.g. interspecific interactions, or those between bacteria and bacterivores or viruses) may ultimately influence the relative abundance of taxa within assemblages. However, the presence of several OTUs, the distribution of which were related to different environmental settings (plume, intermediate plume and oceanic conditions), suggests that mixing of assemblages from water masses may cause the spatial patchiness in bacterioplankton assemblage composition. Finally, our results demonstrate that while allochthonous inputs in surface water plumes may strongly influence the composition and productivity of bacterioplankton assemblages immediately below plume waters within the euphotic zone, they do not strongly affect assemblage composition below the euphotic zone.
Potential errors associated with ARISA fingerprints
Like all PCR based techniques, ARISA fingerprinting may be influenced by biases caused potentially by uneven amplification efficiencies due to sequence heterogeneity (Suzuki & Giovannoni 1996 , Polz & Cavanaugh 1998 , Suzuki et al. 1998 , intertaxon operon copy number differences (Crosby & Criddle 2003) , differential extractability of cells in communities (Polz et al. 1999 ), or differences in the amount of DNA per cell. Given the slow bacterial growth rates observed during this study, representing growth rates of 0.04 to 0.43 d -1 across all salinities, we expect the bacteria to contain only 1 or 2 copies of the rrn operon (Klappenbach et al. 2000) . A recent study by Brown et al. (2005) demonstrated a strong correlation (r 2 = 0.86) over 4 yr of time series data between the relative fluorescence of an OTU corresponding to Prochlorococcus and estimates of abundance of this picophytoplankter by flow cytometry. Furthermore, another study of the mcrA gene by TRFLP indicated correlations between template quantity and TRF relative fluorescence (Leuders & Friedrich 2003) , which is consistent with a study demonstrating that kinetic biases in PCR are small (Suzuki et al. 1998 ).
Effects of Amazon plume on assemblage productivity and diversity
Our results demonstrate that low-salinity waters have higher bacterial production rates than nonplume waters. Enhanced productivity also positively influenced the diversity (i.e. total number of taxa and rank distribution) of bacterioplankton assemblages; however, the composition of these assemblages is not consistent between locations within plume waters. Low-salinity water plumes contain high concentrations of labile DOC and that produced by elevated (Brown et al. 2005 ) and hence may not correspond exactly to taxa present in the west tropical Atlantic. Note that there were no significant negative correlation coefficients, which is possibly a consequence of intense gradients in bacterial productivity and beam attenuation. D = Simpson's Reciprocal Diversity Index primary production in plume waters (Amon & Benner 1996a , 1998 . DOC is the primary nutrition of heterotrophic bacterioplankton; hence, it is not surprising that bacterioplankton production was significantly and negatively correlated to salinity. Similar influences of offshore low-salinity waters upon bacterioplankton production have been observed in the Mississippi River plume (Amon & Benner 1998 , Jochem 2003 . The significant and positive correlation between surface bacterioplankton fingerprint diversity and bacterioplankton production may reflect ecological niche availability. Several relationships between productivity and diversity of organisms have been observed in previous studies. Linear increases in diversity with primary productivity have been reported in both animal and plant communities (Currie 1991 , Waide 1999 . However, non-linear, unimodal, relationships between diversity and productivity have also been observed, related in part to disturbance. Morphological diversity in cultures of Pseudomonas fluorescens is greatest at intermediate productivity when incubations are disturbed (shaken) . Under in situ conditions, the unimodal interaction between disturbance and diversity may be due to alleviation of resource competition (Janzen 1970 , Connell 1978 , Givnish 1999 , the inflection points of which may be shifted when disturbance and resource availability occur along similar gradients , Kondoh 2001 ). Under stable conditions, at least one study has reported little relationship between productivity and diversity under non-stressed conditions, yet the relationship became unimodal when stressed (Mulder et al. 2001 ). This result was possibly a consequence of intertaxonomic facilitation (Mulder et al. 2001 , Cardinale et al. 2002 . Since higher bacterioplankton production results from higher resource availability when not constrained by temperature or pressure (Hansell & Ducklow 2003) , allochthonous inputs may support the growth of a larger variety of bacterioplankton OTU by reducing interspecific resource competition (Torsvik et al. 2002) . DOC inputs probably also comprise a highly complex suite of compounds. Hence, it is conceivable that bacterioplankton diversity patterns reflect changes in DOC composition as more labile compounds are removed from the plume as it is advected offshore (Amon & Benner 1996a ,b, 1998 . Our results contrast with previous studies of bacterioplankton productivity relationships with diversity in mesocosms (HornerDevine et al. 2003) , which found no overall impact of primary production (chl a) upon richness of assemblages, but non-linear relationships between the relative abundance of individual phylotypes and productivity. (Brown et al. 2005) . Change in relative proportion of each OTU bin when moving from plume to oceanic waters shown (i.e. -: an OTU is more common in plume waters than in oceanic waters; +: an OTU is more common in oceanic waters than in plume waters). Error bars = ± SE
Effects of river plume on bacterioplankton assemblage composition
Comparison of surface water samples at various salinities indicated no consistent effect of decreased salinity upon assemblage composition. In another analysis of bacterioplankton assemblages from this region, there was a non-linear decrease in pairwise similarity between assemblages and their separation distance, suggesting that factors causing changes in assemblage composition were localised at scales < 50 km . However, several common (>1% total amplified DNA fluorescence) OTUs had distinct distributions in each environmental setting. This suggests that the relative abundances of some bacterial OTUs were specific to plume conditions. However changes in rarer OTUs (i.e. those comprising <1% of total amplified DNA fluorescence) caused inconsistency in composition along salinity gradients. Putative identifications of OTUs that corresponded to different environment types were made from a 16S to 23S rRNA clone library database prepared from the San Pedro Ocean Time Series (SPOTS) station (Brown et al. 2005) , and hence may not correspond exactly to taxa present in the west tropical Atlantic (Fig. 5) . We feel this approach is reasonable for the groups named in this study, since ITS lengthsin an online ITS data repository (http:// miracle.umh.es/rissc/index.html) of marine representatives from other geographic locations are coherent with those from the SPOTS station. Of OTUs that comprised a higher proportion of oceanic fingerprint DNA fluorescence, most have been found in high abundance in marine environments by various enumeration techniques, and also comprised a large component of open-ocean 16S rRNA clone libraries. For example, the SAR-11 group has been demonstrated to have high abundance by fluorescence in situ hybridization counts in most pelagic samples (Morris et al. 2002) . Similarly, the Prochlorococcus, SAR-116 and Actinobacteria groups have been described, in addition to SAR-11, as common components of 16S rRNA clone libraries (Fuhrman & Ouverney 1998 , Giovannoni & Rappe 2000 . OTUs that comprised a greater proportion of total amplified DNA fluorescence in plume fingerprints mostly did not correspond to taxa within the 16S to 23S rRNA database with the notable exception of Synechococcus. It is interesting to note that across the comparison between plume and oceanic samples, the Prochlorococcus and Synechococcus OTU had inverse distributions (more Prochlorococcus in ocean than in plume waters, and more Synechococcus in plume than in oceanic waters). Note that neither Prochlorococcus or Synechococcus OTUs had significant correlations to richness, diversity, bacterial production or beam attenuation. Similar phylotype habitat specificity along estuarine gradients has been reported (Crump et al. 1999 , Troussellier et al. 2002 , Stepanauskas et al. 2003 , Hewson & Fuhrman 2004 ). While we cannot exclude the possibility that some of the variability between assemblages may be due to elapsed time between samples (approx. 5 wk in our case), at least 1 study in moderately productive waters (similar to those in the Amazon offshore river plume) demonstrated few changes in composition over 3 mo of sampling (Riemann & Middelboe 2002) .
Influence of plume waters on subsurface bacterial assemblages
Our data indicate that riverine waters have a significant impact upon the diversity and composition of bacterioplankton assemblages immediately below the plume (i.e. at 40 m); however, these effects are not evident in deeper waters (>100 m). At the least saline Stn 6, light was attenuated 83% at 40 m, while at the most oceanic station light was only attenuated 23% at the same depth, indicating that the plume exerts potentially strong light limitation upon sub-plume waters. We hypothesized that in oceanic waters, assemblages would be more similar to each other at 0 and 40 m than within the plume, where salinity gradients prevent mixing and where distinct communities may form in low-salinity and oceanic-salinity water masses in the plume and beneath it, respectively. Fingerprint richness and diversity were lowest immediately below plume waters at 40 m; however, there were no consistent effects of the plume on the similarity between plume and 40 m bacterioplankton fingerprints. Rather, our data suggest that the most saline (and consequently oceanic) bacterial communities at 0 and 40 m had the greatest dissimilarity (e.g. Stn 34 and Stn 36). These data suggest that the presence of strong vertical stratification in pelagic autotrophic communities may have stronger impacts upon bacterioplankton assemblage composition than the influence of low-salinity surface water plumes.
The lower richness and diversity of immediate subplume water bacterioplankton fingerprints may be due to light limitation of autotrophic bacterioplankton, or nutrient limitation of all bacterioplankton. Interestingly, OTUs corresponding tentatively to 2 biogeochemically important autotrophic bacterioplankters (Prochlorococcus and Synechococcus) have significantly lower (p < 0.05, Student's t-test, n = 6) relative contribution to total DNA fluorescence in fingerprints beneath low-salinity plumes than at oceanic stations, suggesting that these organisms were limited by light availability. A strong salinity gradient between plume and sub-plume waters may restrict diffusion or mixing of nutrients. As a consequence, sub-plume waters may contain limited niches for bacteria, which is reflected in lower assemblage fingerprint richness and diversity. While bacterial abundance and production did not have subsurface minima similar to fingerprint diversity and richness, there was a steep decline in these values from surface to 40 m samples.
Beneath the surface mixed layer, bacterioplankton assemblage fingerprints were highly stratified by depth, with more similar assemblages at the same depth nearby than to deeper or shallower assemblages at the same station (Fig. 4) . Similar stratification of communities has been noted in other oligotrophic marine environments (Moeseneder et al. 2001 , Troussellier et al. 2002 and indicates that assemblages are distinctive to habitat. We expected that assemblages would be more spatially homogeneous at deeper depths (i.e 100 to 150 m) since environmental conditions were more homogeneous (containing similar temperature and salinity values), than shallower waters which had more variable physicochemical characteristics. However, variability in assemblage composition between sampling locations was greater at depths between 100 and 150 m (mean Whittaker Index = 0.47 ± 0.01, n = 16), than at the surface (mean Whittaker Index = 0.41 ± 0.01, n = 32). This deep water variability suggests that bacterial assemblages within this environment may be influenced by inputs from overlying waters, where inputs from the river plume are variable because of the presence of patchy water masses with variable productivity.
CONCLUSIONS
Our results demonstrate that the Amazon and Orinoco River plumes, which are the dominant allochthonous resource inputs into the North Atlantic, have significant effects upon bacterioplankton assemblages in these waters. These results agree with our hypothesis that assemblage composition is correlated to production since factors affecting the growth rate of bacterioplankton are selective for some taxa. Bacterioplankton assemblages may contain taxa selected for by environmental conditions related to their habitat (i.e. the presence of river water). The interplay between resource availability and selective loss mechanisms is argued to strongly affect total richness and diversity of bacterioplankton assemblages (Fuhrman 1992 , Torsvik et al. 2002 . Consequently, low-salinity waters, which carry with them high concentrations of labile DOC (Aucour et al. 2003) , may indirectly effect the total assemblage diversity but do not give rise to uniform communities. Finally, this study raises interesting questions about the relationship between resource complexity and species composition of bacterioplankton composition, especially considering a large fraction of available resources are as yet uncharacterized.
